Chagasic cardiomyopathy (CC) is the most frequent nonischemic substrate causing left ventricular (LV) tachycardia in Latin America. Systematic characterization of the LV epicardial/endocardial scar distribution and density in CC has not been performed. Additionally, the usefulness of unipolar endocardial electroanatomic mapping to identify epicardial scar has not been assessed in this setting. CONCLUSIONS: CC causes a unique ventricular tachycardia substrate concentrated to the basal lateral LV, with marked epicardial predominance. The scar pattern is particularly dense and transmural as compared with the more erratic/patchy scar patterns seen in other nonischemic cardiomyopathies. Endocardial unipolar voltage mapping serves to characterize epicardial scar in this setting.
A rrhythmogenic scar supporting reentrant circuits is the most prevalent mechanism of ventricular tachycardia in patients with structural heart disease. 1 The scar's myocardial distribution is dependent on the pathogenesis of the disease and dramatically influences both the ablation strategy (endocardial, epicardial, or a combined approach) and the outcome after VT ablation. 2 Chagasic cardiomyopathy (CC) is the most prevalent cause of nonischemic cardiomyopathy (NICM) in Latin America and accounts for ≤30% of patients in the chronic phase of the Chagasic disease. 3 The increasing migratory flow of the world's population has led to a wider geographic distribution of this disease, with an estimated prevalence of 300 000 to 1 million cases in the United States-a figure that will continue to increase. 4 It is believed that CC produces a unique myocardial VT substrate, with predominant scar distribution to the perivalvular aspects of the left ventricle (LV). 1, 5 However, careful and systematic characterization of the scar distribution and the voltage abnormalities observed in unselected CC-VT populations (versus other nonischemic cardiomyopathies, which tend to be more patchy in nature) are lacking. 1, 5 Endocardial unipolar mapping serves to characterize distant intramyocardial/epicardial scar, and this technique may be of particular interest in the clinical setting of a disease process with presumably predominant epicardial scarring, such as CC. 6, 7 In this study, we sought to characterize the LV scar distribution pattern specific to the CC and to evaluate the usefulness of endocardial unipolar voltage map-
WHAT IS KNOWN?
• Chagasic cardiomyopathy is the most frequent nonischemic substrate causing left ventricular tachycardia in Latin American patients, with predominant scar distribution to the perivalvular aspects of the left ventricle.
• Use of unipolar endocardial electroanatomical voltage mapping to characterize distant intramyocardial or epicardial scar has been proved in other nonischemic cardiomyopathies.
WHAT THE STUDY ADDS?
• The ventricular tachycardia substrate particular to the Chagasic cardiomyopathy is almost homogeneously concentrated to the basal lateral left ventricle, with marked epicardial predominance over the endocardium.
• The scarring process in Chagasic cardiomyopathy seems to be particularly dense and transmural as compared with other nonischemic cardiomyopathies.
• Unipolar endocardial mapping, with revisited voltage cutoff values, serves to both identify and depict the epicardial scar in the setting of Chagasic cardiomyopathy.
ping to identify epicardial scar in a prospective series of patients with CC undergoing epicardial/endocardial LV tachycardia mapping and ablation.
METHODS

Patient Population
Fifty-seven consecutive patients with CC, no atherosclerotic obstruction in the coronary arteries, and no other cause of cardiomyopathy with recurrent VT undergoing electroanatomic mapping/ablation in both the epicardial and endocardial surfaces between July 2007 and February 2015 were considered for inclusion. The coronary angiography was performed before ablation in all patients. On an anticipated prominent epicardial LV substrate and a poor long-term arrhythmia control with sole endocardial ablation in CC, the mapping/ablation protocol incorporated singleprocedural sequential epicardial and endocardial mapping in all patients. [8] [9] [10] [11] [12] [13] [14] Patients with a prior VT ablation were excluded, to avoid any bias in the scar characterization related to a previously failed ablation from either the epicardium or the endocardium. This also permitted for overcoming any myocardial voltage modifications associated to prior radiofrequency energy applications within the LV. All substrate maps performed during ventricular pacing (n=16) were excluded to avoid any bias in the unipolar/bipolar voltage values related to baseline-paced rhythms. 15 Dense sampling of all epicardial/endocardial LV regions (>100 points per surface) was considered compelling for inclusion. As a result, 38 patients were excluded from the study, and the remaining 19 comprised our study population. Membraneactive antiarrhythmic drugs were discontinued for at least 5 half-life times before the ablation procedure or 1 month in the case of amiodarone, as permitted by the clinical situation. Patients with recurrent VT were transitioned to intravenous lidocaine, which was stopped at least 12 hours before the procedure. The study was approved by an institutional review committee, and the study participants gave written informed consent.
Electroanatomic Mapping and Ablation
All epicardial/endocardial mapping and ablation procedures were performed under general anesthesia. The electroanatomic maps were performed in the baseline rhythm using a 3.5-mm irrigated-tip CARTO catheter (Biosense Webster, Inc), with a 1-m tip-to-ring interelectrode distance. Epicardial access was obtained using the technique described by Sosa et al. 8 The LV endocardium was mapped through standard retrograde transaortic approach. Endocardial and epicardial maps fill thresholds were set at 15 mm. Bipolar electrograms were recorded from the distal electrode pair, filtered at 16 to 500 Hz and displayed at 200 mm/s. Endocardial unipolar electrograms were recorded between the distal tip of the ablation catheter (cathode) and the Wilson central terminal, filtered at 2 to 240 Hz and displayed at 200 mm/s. The procedure always incorporated intracardiac echocardiography imaging, although echocardiographic scar characterization data were not considered in this study. 16 Once the electroanatomic voltage maps were completed, programmed ventricular stimulation was performed. All inducible and tolerated (mappable), sustained monomorphic VTs were targeted for ablation from the epicardium or the endocardium using standard activation and entrainment mapping techniques. 10 In the event of noninducible or unmappable VTs (nontolerated, nonsustained, or pleomorphic), decision to perform epicardial or endocardial ablation was based on the analysis of the VT 12-lead ECG suggesting an epicardial versus endocardial VT exit site. [17] [18] [19] Such VTs were targeted for ablation using limited activation mapping, pace mapping, and substrate modification techniques. 20 When the 12-lead ECG of the clinical VT was not available, the device's intracardiac electrogram of the VT was compared with the intracardiac electrogram of the induced VT. Programmed ventricular stimulation was pursued after the ablation procedure to assess for residual VT reinducibility.
Electroanatomic Voltage Map Analysis
Internal points were eliminated from the tridimensional electroanatomic shell to avoid the incorporation of presumably abnormal electrograms derived from insufficient catheter contact. Electrograms obtained from the right ventricle, annular points (1 cm within the valvular annulae), and epicardial points obtained from the proximity of a coronary artery (<15 mm), in which fat is usually present, were not incorporated into the study database. 6, 7, 21 Tridimensional integration (merge) of the coronary vasculature within the electroanatomic map was not performed. Instead, intraprocedural coronarography was undertaken to avoid radiofrequency energy applications being deployed within a 5-mm safety margin from a main coronary artery. We defined the course of the coronary vessels and fat covering when voltage mapping showed low-voltage signals with no other standard criteria to define abnormality recorded over the usual trajectory of the main coronary arteries. 21 Such electrograms were not considered for the study analysis. All endocardial septal electrograms were excluded because of absence of epicardial correspondence.
Epicardial and Endocardial Bipolar Electroanatomic Mapping: CC Scar Pattern Characterization
Epicardial and endocardial bipolar electrogram voltages of >1.0 and >1.5 mV, respectively, were considered normal LV myocardium. 1, 21 The association of late (≥10 ms after the end of the QRS complex), wide/fractionated (>80 ms in duration or >8 electrogram deflections), or split (≥2 components separated by a >20-ms isoelectric line) potentials was considered compelling for an epicardial voltage signal of ≤1 mV to be designated as abnormal, to enhance a high specificity in the designation of epicardial low-voltage areas as abnormal myocardium, thus ruling out low-voltage signals related to poor catheter contact or epicardial fat ( Figure 1) . 21, 22 The bipolar epicardial and endocardial scar areas, their distribution within the LV, and the epicardial versus endocardial scar predominance were analyzed by using the area measurement tool in the CARTO system. Confluent >2 cm Core-dense epicardial/endocardial scar was defined as unexcitable areas (no ventricular capture, despite pacing at a maximum output of 20 mA and 2 ms) showing a voltage of ≤0.5 mV.
1 Confluent epicardial/endocardial areas showing median bipolar voltage values of ≤0.5 mV at both sides, with or without ventricular capture, were considered indicative of the myocardial scarring being dense and transmural. Otherwise, a patchy/layered scar distribution pattern (particular to some NICMs) was suspected. [21] [22] [23] [24] [25] [26] [27] [28] In this sense, with exploratory/ descriptive purposes, we further paid special attention to the absolute bipolar epicardial and endocardial voltages obtained from within electroanatomic scar. We hypothesized that a particularly dense scarring process in CC would be suggested when a majority (>75%) of epicardial or endocardial electrograms embedded within scar were manifestly below the previously established voltage cutoffs defined for other cardiomyopathies. Analysis of the confluence between epicardial and endocardial scar (a surrogate of a highly transmural scar) was based on the percentage of abnormal endocardial electrograms abutting epicardial bipolar scar and, in the opposite direction, the percentage of abnormal epicardial electrograms confronted to endocardial bipolar scar.
Subsequently to the mapped/scar area measurements, designation of juxtaposed epicardial/endocardial matched points obtained during baseline bipolar substrate mapping from all LV free-wall regions was manually performed for each patient. Collection of such matched pairs was controlled by the myocardial wall thickness to avoid any bias in the voltage measurements in normal versus scarred epicardial areas related to local myocardial wall thinning. To create these pairs, first an epicardial point was selected. The closest endocardial point was then designated by simply overlapping both epicardial/ endocardial electroanatomic shells, with a maximum 15-mm separation from the corresponding epicardial pair (as measured by the distance measurement tool incorporated into the CARTO system). 7 Both points also had to be confined within a myocardial area of 1 cm 2 ( Figure 2 ). Each point was used only once to avoid redundancy in the epicardial versus endocardial electrogram comparative analysis. Assessment of the electrogram characteristics (voltage, duration, and presence of fractionated/split/late potentials) was then performed from a representative number of epicardial/endocardial pairs on a point-by-point fashion, to compare the epicardial versus endocardial electrogram characteristics in the setting of CC.
Value of Endocardial Unipolar Voltage Mapping to Detect Epicardial Scar
A receiver operating characteristic curve was performed to calculate the endocardial unipolar voltage cutoff value reaching the highest sensitivity/specificity to detect epicardial bipolar scar. 6, 7 The resulting cutoff value was also used to assess for the percentage of area correspondence (match) between the depicted areas of endocardial unipolar low voltage and epicardial bipolar low voltage. 7 We further determined the number of false-negative cases of normal endocardial unipolar voltage corresponding to abnormal epicardial bipolar voltage at different unipolar voltage cutoff values (including ours and the previously reported values of >5.1 and >8.3 mV). 6, 7, 29 
STATISTICAL ANALYSIS
Considering that manual electrogram revision was compelling for the analysis of the electrogram characteristics, a minimum sample size of epicardial/endocardial matched pairs to be analyzed was calculated and taken from the sample frame by means of a randomly stratified selection model. We based our sample size calculation on the hypothesis that a unipolar endocardial voltage value yielding a ≥89% sensitivity for the identification of epicardial bipolar scar would be obtained. 6 This statistical methodology optimizes the number of pairs to be analyzed without detriment to the statistical power it is pursued. 30 As a result, a minimum of 300 epicardial points (and their corresponding endocardial pair) to be analyzed was determined, corresponding to 150 normal epicardial and 150 epicardial bipolar scar points. The random stratified sampling of epicardial/ endocardial pairs enhanced equal representation of normal and abnormal epicardial areas and minimized any bias derived from an unequal representation of patients.
Quantitative variables were expressed as median and (P 25 -P 75 ) quartiles or mean±SD, as appropriate. Qualitative variables were expressed as absolute number and percentage. For the statistical comparison of quantitative variables, a nonparametric test (used as an alternative to the paired Student t test) and Spearman correlation coefficient were used. The χ 2 test was used for the comparison of qualitative variables, with the Fisher exact test being used whenever the expected value of a cell of the contingency table was ≤5.
A logistic regression model was fitted to determine which characteristics of the endocardial electrograms were associated with the presence of epicardial bipolar scar. The significance levels for removal and inclusion were 0.10 and 0.05, respectively. Receiver operating characteristic curves were then constructed to define the best endocardial unipolar voltage cutoff identifying epicardial scar.
Two levels of dependency were present in this analysis (patient and observation levels). As a consequence of this, measurements of a distinct variance and levels of dependency were pooled together, the Wilcoxon signed-rank test being used to compare the endocardial versus epicardial electrogram characteristics.
The statistical analysis was performed with the STA-TA software program (v12.1).
RESULTS
Study Population
The clinical characteristics of our patient population are summarized in Table 1 . Of note, the median LV ejection fraction was 30% (25%-45%), 89% of patients had an intracardiac defibrillator, and in 7, the indication for ablation was VT/ventricular fibrillation storm. In 15 patients (79%), amiodarone could not be discontinued before the preliminary established 1-month period before ablation because of VT storm, incessant VT, or frequent intracardiac defibrillator therapies.
Ablation Procedure and Arrhythmia Control Outcome
A total number of 34 VTs were induced, with 6 (37%) patients having no inducible VT, 3 having (16%) 1 induced VT, and the remaining 10 (53%) having ≥2
Figure 2. Assignment of pairs of epicardium (EPI)/endocardium (ENDO) matched points.
Designation of epi/endo pairs of points was undertaken for a comparative analysis of the epi vs endo electrogram characteristics in the setting of Chagasic cardiomyopathy. An epi point was first selected, and subsequently, the closest endo paired point was designated by simply overlapping both endo and epi electroanatomic shells.
induced VTs. Epicardial ablation was needed to eliminate VT in 15 patients (79%), 13 of them undergoing combined epicardial/endocardial ablation (sole epicardial ablation in 2). The remaining 4 patients underwent ablation exclusively from the endocardium.
The ablation procedure was considered successful (elimination of all induced VTs and no residual induction of any sustained VT) in 11 (58%) patients. In the remaining 8, no index VT had been induced or VT reinducibility after ablation was not assessed because of patient's hemodynamic compromise judged to be at high risk for complication at operator discretion and based on published risk criteria. 31 After a follow-up of 13 (7-21) months, 3 (16%) patients experienced VT recurrence, of whom one underwent a second ablation procedure, and the remaining 2 were maintained on amiodarone with isolated VT episodes.
Electroanatomic Bipolar Voltage Map
A total of 8494 epicardial and 6331 endocardial points was obtained, with 452 (330-560; range from 103-755) and 284 (226-442; range from 148-729) epicardial and endocardial points per patient, respectively. The bipolar electroanatomic maps depicted a CC scar concentrated to the basal lateral aspect of the LV (Josephson sites #8 and #10) in the vast majority of patients (18 of 19) , with the epicardial scar area surpassing that encountered at the endocardial counterpart in 15 of them. 32 Seven patients also had myocardial scar beyond the basal lateral LV, including the LV septum (1 patient) and the LV apex (7 patients). The extension of both scar and core-dense scar was more prominent at the epicardium (P=0.049 and P=0.004, respectively; Table 2 ). Descriptively, the epicardial/endocardial scar surfaces tended to be confluent, and isolated areas of patchy scar surrounded by normal myocardium were never encountered.
Scar Characterization: Analysis of Matched Epicardial/Endocardial Pairs
The matching process produced 1285 pairs of epicardial/ endocardial points within the LV free wall. The subsequent random stratified sampling process produced 314 epicardial/endocardial pairs to be analyzed on a pointby-point fashion (median, 16 [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] ; range, 7-33 epicardial/endocardial pairs per patient): 155 (49%) within epicardial bipolar scar, and the remaining 159 (51%) within epicardial normal myocardium. The distance between pairs was 10±3 mm, with no differences between pairs obtained from normal versus abnormal epicardium (10±2 versus 10±3 mm, respectively; P=0.54).
Overall, epicardial electrograms showed lower bipolar voltages than endocardial electrograms: 1.0 (0.3-2.8) mV versus 1.8 (0.6-3.5) mV, respectively (P<0.001). The endocardial electrograms abutting epicardial scar had lower unipolar and bipolar voltages, longer electrogram duration, and were more fractionated than those abutting normal epicardium (P<0.001; Table 3 ).
Descriptively, 75% of points representing epicardial scar had a bipolar voltage value of <0.55 mV, well below the previously established ≤1-mV cutoff, with a median bipolar voltage of 0.4 (0.2-0.55) mV. Similarly, 75% of points representing endocardial scar had bipolar voltage of <0.87 mV, well below the conventional ≤1.5-mV cutoff, with a median bipolar voltage of 0.54 (0.33-0.87) mV. Confluent epicardial/endocardial scar was suggested by a high correspondence ratio between epicardial and endocardial low-voltage signals: the majority of abnormal endocardial bipolar electrograms (108 of 133; 79%) were opposite to abnormal bipolar epicardial, and inversely, most abnormal epicardial electrograms (110 of 155; 71%) were opposite to abnormal bipolar endocardium. Altogether, confluence of low (≤0.5 mV) epicardial and endocardial voltages was suggestive of dense and transmural scarring particular to CC.
Endocardial Unipolar Voltage Map
The Spearman coefficient analysis confirmed a moderate but positive correlation between the endocar- dial unipolar voltages and the epicardial bipolar voltages (ρ=0.6173; P<0.001). A logistic regression model indicated that the endocardial unipolar voltage was an independent predictor of epicardial scar (P<0.001; Table 4 ). Consistently with the principle of a high correspondence of endocardial/epicardial scar in CC, the endocardial bipolar voltage was also predictive of epicardial scar (P=0.010). The observation of endocardial split signals was also predictive of epicardial scar, although with a wide confidence interval. Values are expressed as absolute value, mean±SD or median (P 25 -P 75 ). Endo indicates endocardium; and Epi, epicardium.
Endocardial Unipolar Voltage Cutoff Value to Depict Epicardial Bipolar Scar
The receiver operating characteristic curve analysis of endocardial unipolar voltage demonstrated an area under the curve of 0.80 (95% confidence interval, 0.76-0.85) to detect epicardial bipolar scar. This analysis further showed more balanced sensitivity/specificity values by using a ≤4.0-mV cutoff for the endocardial unipolar voltage, although not reaching a statistically desirable specificity of 80% (sensibility of 71% and specificity of 75%; Figure 3A) . The provided ≤4-mV cutoff best depicted the epicardial bipolar scar area, with a 55% (range, 26-57%) percentage of overlap between endocardial unipolar abnormal and epicardial bipolar abnormal areas (Figure 4) . In a post hoc analysis, the endocardial unipolar voltage best predicting epicardial bipolar scar was raised to ≤5.6 mV when the catheter was against normal endocardium, and it was lowered to ≤2 mV when the catheter was against endocardial scar ( Figure 3C and 3D) . The conventional ≤8.3-mV cutoff significantly overestimated the depicted area of epicardial bipolar abnormalities, especially in areas of endocardial low bipolar voltage (P=0.007; Figure 3B ). However, this cutoff was superior to the newly proposed ≤4 mV and the previously reported <5.1 mV in dramatically minimizing the number of false-negative points of endocardial normal unipolar voltage abutting epicardial abnormal bipolar voltages: only 2 of 155 (1%) epicardial/endocardial matched pairs had epicardial bipolar voltage of ≤1 mV and endocardial unipolar voltage of >8.3 mV. The number of these false negatives was raised to 12 matched pairs (8%) when the ≤4-mV cutoff value was applied.
DISCUSSION
Main Findings
This is the first series of patients with CC undergoing a first VT ablation procedure in whom upfront comprehensive epicardial and endocardial electroanatomic mapping and detailed unipolar and bipolar electrogram analysis were performed to characterize a potentially homogeneous pattern of myocardial scarring in this setting.
It is confirmed by our data that CC creates a unique epicardial>endocardial myocardial VT substrate, with several peculiarities as compared with other NICMs: first, this substrate is greatest at the basal lateral LV, with less involvement in other LV areas. Second, the low epicardial and endocardial bipolar voltages within the scarred regions (median of ≤0.5 mV) and the high correspondence between abnormal epicardial and endocardial bipolar electrograms are both consistent with CC scarring being particularly dense and transmural, as opposed to other NICM subsets showing a higher proportion of patchy and modestly transmural scarring. 25 A basal lateral involvement and highly transmural scarring have been recently described in an unselected population of patients with CC undergoing cardiac magnetic resonance imaging. 33 In our series, it is confirmed that such scarring pattern is also implicated in the genesis of CC-VT.
Our study confirmed that the endocardial unipolar voltage is an independent predictor of epicardial bipolar scar (P<0.001) also in the setting of CC. Distinct unipolar voltage cutoffs can be used to either precisely depict the area of epicardial bipolar CC scar (≤4 mV) or to minimize the false-negative areas of supposedly normal endocardial unipolar voltage abutting intramural/subepicardial scar (≤8.3 mV, applicable to all NICM processes).
29
Epicardial and Endocardial Scar Distribution Pattern in CC
A predominant epicardial scarring and epicardial VT substrate in CC was confirmed in our series on the basis of 3 observations. First, both bipolar scar and coredense scar areas were significantly more extensive at the epicardium (P=0.049 and P=0.004, respectively). 1, 21 Second, beyond the absolute voltage values, the electrogram abnormalities were more frequently noted to the epicardium, with a particularly higher prevalence of late potentials as compared with the endocardium (P<0.001). Finally, epicardial ablation was needed in the vast majority of our CC-VT population (15 of the 19 patients), with a fairly reasonable freedom from midterm VT recurrence (16 patients). Based on this, it would seem reasonable to anticipate a probable need to gain epicardial access to achieve successful CC-VT elimination during the index ablation procedure, especially for VTs with a suspected origin at the basal lateral LV aspect, in which a prominent epicardial substrate is likely. [14] [15] [16] 33 
Usefulness of Endocardial Unipolar Mapping to Guide VT Ablation in CC
The endocardial unipolar voltage is influenced by voltage abnormalities arising from distant myocardial layers, and it thus provides a sense of the transmural scar distribution. 6, 7, 24, 26, 29 LV myocardial free-wall scarring can be ascertained when areas with unipolar endocardial voltages of ≤8.3 mV are depicted. 6, 29 This is of particular interest when the scarring process occurs beyond the subendocardial LV layers (preserved endocardium), which is noted for a significant number of NICMs. The absolute value of the unipolar voltage significantly decreases when the scar's transmurality and density are pronounced, as it occurs in CC. 6, [25] [26] [27] 33, 34 In this scenario, lower endocardial unipolar voltage thresholds (such as our ≤4-mV cutoff) best depict the epicardial bipolar scar area. Our post hoc analysis of endocardial unipolar voltages within endocardial bipolar scar and within normal endocardium further produced unipolar voltages of ≤2 and ≤5.6 mV to identify epicardial scar, respectively. This observation is in line with that Receiver operating characteristic curves demonstrating the usefulness of UNIP endo voltage to identify epi bipolar (BIP) scar are shown. The <4-mV cutoff yielded a more balanced sensitivity/specificity (A). 6 The ability of different UNIP voltage cutoffs to approximate the epi BIP scar area is presented at the upper right (B). The grey zone indicates the UNIP endo voltages that approximate (lack of statistical difference) the median epi BIP scar area (27.6 cm 2 ). Interestingly, the <8.3-mV cutoff, although significantly overestimated the area of epi scar (P=0.007), minimized the number of false negatives of undetected epi BIP scar points. Within abnormal endo BIP voltage areas, the UNIP voltage threshold was lowered to <2 mV (C) and raised to <5.6 mV within normal BIP endo areas (D). AUC indicates area under the curve; and IC, confidence interval. made by Tung et al, 26 reporting median endocardial unipolar voltage of <4 mV when unipolar mapping is performed within areas of transmural scar (as corroborated by magnetic resonance imaging). Interestingly enough, the conventional ≤8.3-mV cutoff overestimated the area of epicardial abnormalities. However, this cutoff helped to dramatically minimize the number of false-negative cases of supposedly normal endocardial unipolar voltages actually abutting epicardial scar, thus preventing from the infraestimation of epicardial scarring: only 1% of false negatives were observed with the ≤8.3-mV cutoff. This percentage was raised to 8% when the ≤4-mV cutoff was used, potentially leading to erroneous contraindication for epicardial ablation. This is especially critical when unipolar mapping is performed within endocardial areas with normal bipolar voltages, in which the endocardial unipolar voltages also tend to be higher.
From a practical standpoint, it is suggested that a low threshold to upfront combined epicardial/endocardial mapping/ablation should be driven in the setting of CC. When access to the epicardium is not considered upfront, decision to proceed to the epicardium will depend on the endocardial unipolar voltages registered from targeted regions for VT ablation ( Figure 5 ). If such targets are located within abnormal bipolar endocardium (≤1.5 mV), the ≤4-mV cutoff should be first used to precisely depict the epicardial scar area and the potential epicardial ablation targets and progressively raised to ≤8.3 mV thereafter to avoid erroneous failure to gain epicardial access derived from infradetection of intramural/epicardial scar. If ablation targets are located within normal endocardium, the unipolar voltage threshold should be directly set at ≤8.3 mV to minimize the number of false-negative cases of normal unipolar voltages juxtaposed to epicardial scar.
Study Limitations
Aggregation of data of a paired nature into a single level of analysis potentially disregarded the 2 levels of dependency (patient-dependent and observationdependent levels) in this study. Because manual revision of epicardial/endocardial pairs was compelling for the comparison of epicardial versus endocardial electrogram characteristics and to assess for the usefulness of unipolar endocardial mapping, aggregation of data into a single level was considered the most operative strategy. The provided P values, therefore, are not adjusted for the intrasubject correlation. The randomly stratified sampling and a statistical test that takes into account the distinct variance of the measurements and the paired nature of the data (ie, the Wilcoxon signedrank test), aimed to compensate this limitation.
The limited number of patients included is a consequence of strict inclusion criteria.
The specificity values of unipolar endocardial voltage mapping may be limited by the underrepresentation of myocardial areas with abnormal endocardium and normal epicardium because the vast majority of epicardial normal bipolar voltages had normal bipolar voltages at the endocardial counterpart. Additionally, use of the conventional <1-mV cutoff to define abnormal epicardium underestimate the extent of CC epicardial scar. 21, 26 The criterion we used to define dense and transmural scarring (confluent epicardial/endocardial areas with median bipolar voltages of ≤0.5 mV), although based on comparative magnetic resonance imaging/pathological/electroanatomic data, may be considered an assumption: intramural layers of preserved myocardium may be still present. Previous observations are, however, consistent with intramural myocardium sparing being modest in CC. 6, [23] [24] [25] [26] [27] [33] [34] [35] [36] [37] The proposed unipolar voltage cutoff was developed in patients with CC with high prevalence of LV basal inferolateral scars, and, therefore, it cannot be extrapolated either to other CC substrate locations or to ischemic or other NICMs pathogeneses.
A majority of patients (79%) were on amiodarone at the time of the procedure. Amiodarone and sodium channel blockers facilitate intraventricular conduction delay (especially within myocardial scarred tissue) and selective prolongation of QRS late potentials, with a marginal effect on the absolute bipolar and unipolar voltages. 36, 37 Therefore, the use of amiodarone might have influenced the selection of epicardial abnormal electrograms.
The use of additional electrogram criteria to define epicardial bipolar scar (≤1 mV plus split/wide/late potentials) produced a selection bias in the analysis of epicardial versus endocardial voltage characteristics favoring the predominance of epicardial late potentials, with no influence in the bipolar scar area measurements.
Conclusions
CC sets for a unique myocardial VT substrate. Predominance to the basal lateral LV, a more extensive epicardial than endocardial scarring, and a particularly dense and transmural scar are characteristic of this disease process. In this setting, unipolar endocardial electroanatomic mapping is useful to set for the suspicion of epicardial scar and to depict the area of epicardial bipolar abnormalities. Our results suggest that the unipolar endocardial cutoffs best predicting epicardial scar can be influenced by the nature of underlying cardiomyopathy and its scar transmural distribution.
